The main objective of this study was to optimize a culture media for low scale biomass production of Pleurotus spp. Future applications of this optimization will be implemented for ''in situ'' rice straw degradation, increase soil nutrients availability, and lower residue and rice culture management costs. Soil samples were taken from different points in six important rice production cities in Colombia. For carbon and nitrogen source selection a factorial 4 2 design was carried out. The Plackett-Burman design permitted to detect carbon, nitrogen and inducer effects on fungus growth (response variable for all designs). This optimization was carried out by a Box-Behnken design. Finally a re-optimization assay for glucose concentration was performed by means of a One Factor design. Only 4/33 (12 %) isolates showed and important laccase or manganese peroxidase activity compared to Pleurotus ostreatus (HPB/P3). We obtained an increased biomass production in Pleurotus spp. (T1.1.) with glucose, followed by rice husk. Rice straw was considered an inducing agent for lignin degradation. Glucose was a significant component with positive effects, whereas Tween 80 and pH had negative effects. On the contrary, rice husk, yeast extract and CaCl 2 were not significant components for increase the biomass production. Final media composition consisted of glucose 25 g L , and pH 4.88 ± 0.2. The Box-Behnken polynomial prediction resulted to be lower than the experimental validation of the model (6.59 vs. 6.91 Log 10 CFU ml -1 respectively).
Introduction
Rice is considered a staple food for more than 50 % of the world's population and is second in the world's harvested area after maize. In addition, rice production generates abundant by-products like rice husk and rice straw. Rice straw, accounts for 30 % of the total production and is estimated that approximately 525 million tons are discarded annually. Rice residues impede seedbed preparation and contribute to disease and weed problems. Therefore, open-field burns have been implemented. Such is the case for Colombia, where waste burning generated a great environmental impact, thus it has been restricted through the Decree 4296 of 2004 [1] .
Proper management for the use of rice straw is a major world-wide concern [2] . Rice straw is made up of approximately 19 lignin, 44 % cellulose, hemicellulose 20.1, and 9.8 % non-digestible silica. All these components account for its low nutritive value. Hence, currently there are few options for rice straw due to its poor quality for forage, bioconversion, and engineering applications [3] . Fungi have been described to compost lignocellulosic waste. In order to address the issues related to rice straw waste, this study was undertaken to design a culture media for biomass production of an autoctonal ligninolytic fungus isolated from a rice crop. We attempt to employ this technique in future ''in situ'' rice straw degradation, in order to increase soil nutrients' availability, and reduce costs related to residue and rice culture management.
Materials and Methods

Sampling
Six cities in Colombia's main areas of rice production were selected for sampling. These two main areas cover 70 % of the annual rice production: Villavicencio and Acacias (Meta), Lerida and Armero (North of Tolima) Purificación, and Saldaña (South of Tolima). Representative samples with respect to the field size were taken (12 samples per city, approximately 1 kg each). Samples were taken at different points on a zig-zag sampling pattern, with a distance of 15-25 m between each sampling point [4] .
Isolation and Ligninolytic Activity Screening
Ten grams of soil sample were mixed with 90 ml 0.85 % NaCl (w/v) and diluted to a 10 -2 solution. Each dilution was seeded in lignin-agar (0.
chloramphenicol, 30 mg L -1 penicillin G), [5] . In addition 0.4 ml L -1 guaiacol was added [6] . Petri dishes were incubated at 28°C for 7 days. Brown halo colonies were selected. All procedures were carried-out in triplicate.
Ligninolytic Enzyme Activity
Colonies were cultured in wheat bran media (2 % (w/v) glucose, 0.5 % (w/v) peptone, 0.2 % (w/v) yeast extract, 0.0075 % (w/v) MgSO 4 H 2 O, 175 g L -1 wheat bran) supplemented with Tween 80 (0.05 % v/v), guaiacol (0.2 mM) and MnSO 4 (2 mM) as inducers of enzyme production [7] . Cultures were carried out in 50 ml flasks with 20 ml media at 30°C. Flasks were shaken for 8 days at 120 rpm. Mycelium was discarded by centrifugation (2,0009g for 10 m at 25°C). Crude extract was used for Manganese Peroxidase (E.C. 1.11.1.13) and Lacasse (E.C. 1.10.3.2) activity.
For enzyme activity 800 ll of crude extract was supplemented with 100 ll of 20 mM 2,6-Dimethoxyphenol (DMP) and 100 ll buffer solution (sodium succinate, 25 mM, pH 4.5 ± 0.2 for laccase or sodium acetate, 100 mM pH 5 ± 0.2 for manganese peroxidase). Manganese peroxidase activity was performed in the presence of 100 mM manganese sulfate and 100 mM hydrogen peroxide. Activity was determined (enzyme units) by optical density (OD) at a wavelength of 468 nm (Spectronic 20 Genesys) before and after reaction time lapse (Eq. 1). An enzyme unit generated 1 mM of DMP oxidized per minute [8] [9] [10] .
where DOD 468nm is difference between optical densities measured before and after reaction. RT is reaction's time lapse (3 min), MEC is the substrate's molar extinction coefficient (49,600) [10] . TV is total reaction medium volume. SV is sample volume. CL is spectrophotometric cell length.
Culture Media and Optimization Conditions for Fungal Biomass Production
All tests were carried out in 250 ml flasks, with working volumes of 100 ml. All procedures were performed in triplicate.
Liquid Culture
Isolate was inoculated by puncturing the center of a PDAagar Petri dish (Scharlau, Barcelona Spain), and incubated at 25°C for 10 days. Saline medium (0.
CuSO 4 ) was used as base media for adding sources depending on the purpose of each experimental design. Inoculums were at a proportion of 3 agar discs (5 mm diameter 9 4 mm depth) per 100 ml of culture media. Growing conditions were 25°C, 150 rpm for 12 days. After incubation, the mycelia suspension was centrifuged (Sorvall) at 10,0009g during 15 min and washed twice with 100 ml saline solution (0.85 % (w/v) NaCl). The mycelium was resuspended in 0.85 % (w/v) NaCl solution.
Mycelia suspension was homogenized in a blade homogenizer for 3 min and diluted to a 10 -4 solution. One hundred ll of homogenate was inoculated on PDA-agar supplemented with 0.5 % (w/v) chloramphenicol. Petri dishes were incubated at 25°C for approximately 4-5 days to obtain a Log 10 CFU ml -1 count. tryptone, 10 g L -1 yeast extract, 5 g L -1 NH 2 SO 4 and 3 g L -1 NH 4 NO 3 as the nitrogen source) for 16 assays. Sources and concentrations were selected based on optimal results reported in the literature [11, 12] .
Effect of Carbon, Nitrogen and Inducers on Fungal Growth
To determine the effect of carbon, nitrogen, calcium, Tween 80 and pH changes on biomass production, a Plackett-Burman design [13] , was performed in saline medium (Table 1) .
Optimization of Carbon, Nitrogen and Selected Inducers
To optimize variables with the greatest effect on biomass production, obtained from the Plackett-Burman design, a Box-Behnken Design [14, 15] was used. Three variables were included in the design (Glucose, Tween 80 and pH). Each variable consisted of two levels (?1, -1). The base liquid media was the previously described saline solution in the liquid culture section.
Glucose Concentration Re-optimization Assay
To assay the effect of higher glucose concentration on Log 10 CFU ml -1 , a One Factor design was performed. For this experiment 5 levels were assayed (45, 59, 73, 86 and 100 g L -1 ) for the previously described saline solution. The other conditions were maintained as determined by the Box-Behnken design after 34 in-range optimization cycles.
Results and Discussions
Screening and Ligninolytic Activity
Thirty-three fungi with presumptive ligninolytic activity were isolated. In solid culture only 4/33 (12 %) displayed an important activity. Therefore, they were subsequently evaluated in liquid culture. Isolates were evaluated under the same conditions as the control Pleurotus ostreatus (HPB/P3). T.4.3 and T.1.1 isolates had a higher activity compared to control (Fig. 1) . On the contrary, activity for strains M.7.3 and T.2.1 was very low.
Isolate T1.1 was selected for culture conditions optimization. It was molecularly identified as Pleurotus spp., following the methodology described by White et al. (data not shown) [16] . This result is not surprising, since most white-rot fungi degrade lignin via oxidation by secreting three enzymes: lignin peroxidase (EC 1.11.1.14), manganese peroxidase (MnP) (EC 1.11.1.13) and laccase (EC 1.10.3.2) [17] . Most species of Pleurotus produce manganese peroxidase and laccase, with high expression levels, in particular for laccase [11, 18] .
Selection of Carbon and Nitrogen Sources
Nitrogen and carbon are both important for fungi growth. Nitrogen is essential for amino acid and nucleic acid synthesis. Carbon has an even greater importance, since it is in higher proportion compared to other elements. It is necessary for energy production and synthesis of various cellwall lipids [19] .
The Factorial Design indicated that the applied model was significant (Prob [ F = 0.0095). This result suggests that at least one variable affects biomass production with a 95 % confidence interval (Table 2 ).
An increased biomass production was obtained using glucose ( Fig. 2) , followed by sucrose as substrates. Glucose and fructose dimer is easier to hydrolyse compared to rice waste (cellulose, hemicellulose 57-69 %, lignin 4.07 %, and silica 10-18 %). To degrade these substrates ligninolytic and cellulolytic enzymes are required [20, 21] . Although we worked with a ligninolytic white-rot fungus capable of degrading complex substrates, we accelerated fungal growth by using more degradable carbohydrates. 
Rice husk g L Rice husk culture medium CFU ml -1 results were comparable to those obtained from glucose with yeast extract as the organic nitrogen source (Fig. 2) . Henceforth, rice husk was considered the second carbon source for biomass production. In addition, the fungi's inducing capacity for lignin degradation was assessed during culture and prior to growth with rice straw. To evaluate the effect of Pleurotus spp. (T1.1) on biomass production a PlackettBurman design was carried-out, yeast extract was selected as the organic nitrogen source. A combination of glucose/ rice husk was employed as a carbon source to accelerate cell growth and stimulate ligninolytic capacity [20] .
Carbon, Nitrogen, and Inducer Effect on Fungal Growth Plackett-Burman design results (Table 3) determined that component combination used in experiment number 8 (in bold) generated the highest biomass concentration (Log 10 CFU ml -1 ). The model was significant at 95 % confidence interval (Table 4 ) and demonstrated through F that there was only a 4.69 % chance that a ''Model F-Value'' this large could occur due to noise. Furthermore, results from the Plackett-Burman design established an Adequate Precision measure (signal to noise ratio) greater than 4. Our ratio of 6.694 was an adequate indicator; confirming that the design ) space could be navigated. The model revealed glucose, Tween 80, and pH were significant components (95 %) for T1.1. growth (Table 4 ). In addition, these results pointed out which component had a positive effect (glucose) or a negative effect (Tween 80 and pH) on growth.
The results obtained in the Plackett-Burman design were consistent. Tween 80 is an anionic surfactant with amphipathic properties that coat the lignocellulosic substrate, increasing the adhesion of ligninolytic enzymes. It also reduces surface tension and increases solubility and mobility, allowing biodegradation of insoluble organic compounds [22] . Nonetheless, Brar et al. [23] have reported that excess addition of Tween 80 produces a toxic reaction to the microorganism and reduces biomass production. Likewise, pH plays a decisive role in the degradation of different lignocellulosic materials. According to Liu et al. [12] the maximum laccase activity for some fungi can be achieved at pH 4 ± 0.2. When the pH is less than 2.5 ± 0.2 or greater than 5.0 ± 0.2 laccase enzyme can only reach 40 % of its activity. Considering the results obtained by using the Plackett-Burman design, we proceeded to optimize concentration levels through a Box-Behnken design.
Carbon, Nitrogen and Selected Inducer Optimization
By using the Box-Behnken design it was determined that rice husk, yeast extract, and CaCl 2 had no significant Plackett-Burman. Estimated coefficient, standard error and corresponding F and P values for biomass production (Log 10 CFU ml effect on biomass production. Consequently, we maintained the concentrations of these components as in experiment number 8 (Plackett-Burman Design, Table 3 ), only glucose, Tween 80 and pH levels were adjusted (Table 5) . Glucose levels utilized for the Box-Behnken (Table 5 ) were determined after evaluating the results obtained in the Plackett-Burman design (Table 4) . Accordingly, level ?1 in the Plackett-Burman design was set to -1 level in the Box-Behnken design (Table 5) . Levels 0 and ?1 of the Box-Behnken design were established by increasing the concentration in intervals of 10 g L -1 . Since Tween 80 had a negative effect determined by the Plackett-Burman design (Table 4) , the -1 value in the Plackett-Burman design (Table 3 ) was set to ?1 in the Box-Behnken design. Thus, levels 0 and -1 in the Box-Behnken design were established in decreases of 0.25 ml L -1 (Table 5) . The pH factor levels tested in the Box-Behnken design (Table 5) were selected decreasing the levels tested in the PlackettBurman by 0.5 ± 0.2 (Table 3) , since pH had a negative effect on growth (Table 4) .
After 5 days of culture the Box-Behnken, reported a significant quadratic model (85 %). Predicted values compared to model results are shown in Table 5 . The quadratic model explained the mathematical relationship between the independent variable and the dependent response by Eq. 2. variables (Fig. 3I-III) . After 34 in-range factors optimization cycles navigating through the design surface, the following combination was selected: glucose (43 g L -1 ), Tween 80 (0.19 % v/v), and pH (4.02 ± 0.2), (Fig. 3IV) .
As evidenced by the Plackett-Burman-and the BoxBehnken-design glucose concentration could be further increased. We inferred that an increase in glucose concentration would result in an augmented biomass production. On account of these results a One Factor Design was performed to determine the highest glucose concentration needed to increase biomass production.
Glucose Concentration Re-optimization Assay
The One Factor Design revealed that glucose concentrations between 45 and 86 g L -1 had no increasing effect on Log 10 CFU ml -1 . When 100 gL -1 was used, a substrate repression effect was evident (Fig. 3V) . These results demonstrated that glucose concentration was not a feasible strategy. Thence, considering glucose's cost, we ran again 34 optimization cycles using the previous Box-Behnken results with a modification; that consisted in lowering glucose concentration.
Based on highest desirability (figure not shown) and highest biomass production, (Log 10 CFU ml ) and pH (4.88 ± 0.2). A predictive value of 6.588 Log 10 CFU ml -1 was obtained when the levels of each factor in the polynomial resulting from the Box-Behnken design was replaced. Once the final design was validated at the laboratory, the value attained was 6.91 Log 10 CFU ml -1 , which exceeded the prediction.
Conclusions
Pleurotus spp. (T1.1) was isolated from a rice crop, and a feasible culture media was optimized for biomass production. Enzyme activities for manganese peroxidase and lacasse were higher compared with the results obtained with Pleurotus ostreatus (HPB/P3). The Box-Behnken polynomial prediction value compared to the experimental validation model was lower. Finally, biological assays using Pleurotus spp. T1.1 have been performed to degrade rice straw under the conditions determined in this work. We have obtained very encouraging preliminary results (unpublished data).
